Abstract. A complete period variation analysis and new light curves of V 839 Oph together with new ephemeris data are presented. The period variation was found to be dP/dt = 3.1 10 −7 d/yr. The period increment indicates that the conservative mass transfer rate from the less massive component to the more massive one is 6.5 10 −7 M /yr. We fitted parabolic and we discuss the possible detection of sinusoidal curves to the (O − C) diagram and sinusoidal oscillations with period of about 20 yr and semi-amplitude of 0.0065 day.
Introduction
Light variations in V 839 Oph (BD + 9 o 3584, HD 166231, m(V ) max = 8. m 8, m(V ) min = 9. m 39) were discovered by Rigollet (1947) , who gave 131 visual estimates and classified the star as belonging to the type W Ursae Majoris. The first photometric observations of this system have been made by Binnendijk (1960) , who observed it photoelectrically at two wavelengths, 5300 and 4420Å with the 28-inch reflector of the Flower and Cook Observatory in Pennsylvania in 1958 and 1959 , and determined three significant minima. It is a pity that between Rigollet's discovery and Binnendijk's study nobody published about this system.
Only one year after Binnendijk's study, Wilson & O'Toole (1965) observed on one night in 1961 in B and V and published the data of a secondary minimum, that they had discovered using observations of one night in 1961. Table 2 and Table 5 only available in electronic form: see the Editorial in A&AS 1994, Vol. 103, No. 1. Again many years (∼13) passed without any observations until Diethelm (1974a) started to visually observe it. The visual data however show a large scatter, although they fill the second big gap between the first group of photometric data and the photometry of Braune et al. (1981) .
The first results on its geometrical and physical elements were obtained by Niarchos (1978) using Kopal's frequency-domain technique and Binnendijk (1960) 's data. More photometric observations of the system were obtained in two wavelenghts (B and V ) during the years 1982-1983 by Lafta & Grainger (1985) and analysed using Kopal's frequency-domain technique. They also determined the geometrical and physical elements. Although they present all of the observational data, no times of minima have been computed from their observations and in the present work we have calculated three times of minima using their data. After Lafta & Grainger (1985) 's paper, the same frequency-domain technique was applied on V 839 Oph by Niarchos (1989) (using his own data) and by Al-Naimy et al. (1989) .
Other photometric times of minima have been given by Niarchos (1988) , Hanžl (1990) , Paschke (1990) , Hanžl (1991) , Hanžl (1994) , Agerer & Hübscher (1994) and Demircan et al. (1994a) .
No spectroscopic observation have been published for the system. We present new observations of V 839 Oph in U , B and V . Using them, we have investigated the period variation of the system and its probable connection with the light curve variations within the context of mass transfer, magnetic activity, and third body in the system. In addition, this paper presents the light curve solution for V 839 Oph using the Wilson-Devinney (WD) code under the radiative envelope and convective envelope assumptions.
Observations
V 839 Oph was included in our observing program in 1989 and since then the system was observed for 9 nights in 1989, 8 nights in 1990, 7 nights in 1991, 2 nights in 1992, 2 nights in 1993 and 3 nights in 1994. A journal of the observations is given in Table 1. Differential observations were obtained with a 30 cm Maksutov telescope of Ankara University Observatory equipped with an SSP − 5A photometer head which is used with a Hamamatsu R1414 photomultiplier tube. Before Sept 29, 1991, the differential observation were made by using an EMI9789QB photomultiplier attached to the Maksutov telescope. The filters used are in close agreement with the standard UBV bands.
The same comparison star BD+ 9 o 3578 and check star BD + 8 o 3590 were chosen as Binnendijk (1960) . All differential observations were reduced outside the atmosphere using the extinction coefficients calculated in the usual way, and heliocentric corrections were made for all the observations. The differential measurements in the sense variable minus comparison are listed in Table 2 (available in electronic form). The light curves formed by these observations in different years are shown in Fig. 1 together with the colour curves. No significant reddening in the B − V and U − B colour curves is detectable. Although the seasonal observations were obtained in short time intervals, the scatter in the observations, particularly in the U filter, was found larger than expected. This is due partly to the use of an old photometer (between 1989 and 1991) and to occasional bad weather conditions. The observed differences of the check star relative to the comparison star are given in Table 3 . These uncertainties are much smaller in the 1992-1994 observations, which were secured with the new photometer head.
The phases were calculated by using new linear light elements, explained in the following section.
New times of minima
A total of ten primary and ten secondary times of minima were calculated using the well known method of Kwee & Van Woerden (1956) and are listed in Table 4 with their type of minima and number of observations incorporated in the determination of the times of minima. The average times of minima (together with their standard deviation), obtained from the individual estimates of some cycle, but at different passbands, are given in the last column of Table 4 . By using our last seven times of minima we determined the following light elements: MinI = HJD 2449536.39151 + 0.40900516 E ±0.00035±0.00000034
( 1) where the epoch is the improved time of the last of our observed primary minima. Because of the variable period, the new linear elements will be valid only a few years around 1994. 
Period variation
All times of minima of V 839 Oph available in the literature have been compiled, which altogether contain 71 times of minimum light (24 visual, 3 photographic and 44 photoelectric), cover about 45000 orbital revolutions, and thus provides important new information about the change of the orbital period of the system. There are however 2 big gaps in the data. One, following the discovery by Rigollet (1947) , contain ∼4770 cycles, while the other, between the first group of photometric times of minima and the second visual time of minima, contains ∼12000 cycles. The first minimum is visual, as are many around E = −20000. However, one can see that the visual estimates in general show a large amount of scatter. Rigollet's minimum is of good quality, because his light curve contains 131 visual estimates. The (O − C) diagram which is calculated using the present work's linear ephemeris are shown in Fig. 2 and are listed as (O − C) lin in Table 5 (available in electronic form). This form of the (O − C) diagram indicates clearly that the orbital period of V 839 Oph is increasing. Both primary and secondary times of minima follow the same trend on the (O − C) diagram.
We fitted a quadratic function to the distribution of (O−C) variations using all photometric and photographic times of minima together with the first visual time (see ( 2) where the coefficient of the square term represent the rate of change of the period (dP/dt = 3.1 10 −7 d/yr), which is acceptable. In fact, such a representation of the (O − C) data is statistically much better than the alternative (linear) representation. The (O − C) q residuals from the quadratic ephemeris are also listed in Table 5 and displayed Fig. 3a . We found for the goodness of fit
. If the period increase is purely due to the conservative mass transfer from the less massive to the more massive component (from Al-Naimy et al. 1989) ) then with the equation ∆P/P = 3(M 2 /M 1 − 1) ∆M 2 /M 2 , such a transfer rate would be about ∆M 2 6 10 −7 M /yr for the period variation. After fitting the parabolic form, we also applied to the residuals a sinusoidal fit of the form
to all photographic and photoelectric times of minimum light include first Rigollet's visual time. Here A s , P s and T s are the half-amplitude (in days), the period (in days), and a minimum time (in units of E) of the proposed sine curve of the (O − C) diagram, respectively. We found that the data are best represented by the following sinusoidal ephemeris: MinI = HJD 2449536.38555 + 0.4090041886 E + 0.0065 sin(0.000358629 E + 0.769619).
The best-fitting parabolic and sinusoidal curves are displayed, superimposed on the observational data, in Fig. 4 . The (O − C s ) residuals from the best fit, which are listed in Table 5 and displayed in Fig. 3b and the goodness of fit of the representation, χ 2 = Σ(O − C s ) 2 = 0.000014 is much better than that of the previous quadratic one. The period of the cyclic variation is 19.62 yrs.
Light curve variation
In addition to our own light curves, we compiled all other published light curves from the literature, and plotted them on the same scale by using different symbols for different night's observations. All observations cover the interval between 1958 and 1994. A list and short information is given in Table 6 about the available light curves of V 839 Oph. To examine longterm light variation on these curves, we read the light levels at maximum and minimum to form the magnitude 
and
The values for these four parameters in the V filter are listed in Table 6 and displayed in Fig. 5 . The full amplitude of the irregular variations of the four quantities is always less than 0. m 1 showing that no significant long term variations are detected in these four quantities. Due to insufficient and very unevenly distributed data points in Fig. 5 no conclusion can be drawn yet about the long-term light variations. Only systematic and continuous observations may help to decide on the existence of general trends in the variations of light levels and depths of the minima.
Photometric solution
The B and V -band light curves of V 839 Oph of 1992, 1993 and 1994 have been used simultaneously for the determination of the geometric and photometric elements using the Wilson-Devinney (WD) code of the light variations of eclipsing variables. First, the observed points ordered in phase were combined into 50 normalised binned points in each colour so that each bin equals 0.02 of an orbital period with weights equal to the number of original points. The solutions were computed on the personal computers of Ankara University Observatory using WD code's PC version that was implemented by Müyesseroglu (1994) . Based on the General Catalogue of Variable Stars's spectral classification of the primary component, F8 V, the temperature was adopted to be T 1 = 6250 K. The other adopted parameters are the gravity-darkening coefficients g 1 = g 2 , the albedoes A 1 = A 2 and the linear limbdarkening coefficients, which were determined from tables by Al-Naimy (1978) for both x 1 and x 2 . Model 3 of the WD-differential correction program was used to adjust the following parameters: the orbital inclination i, the massratio q = M 2 /M 1 , the temperature of secondary component T 2 , the potential function Ω 1 (or Ω 2 ) and the luminosities of the two components L 1 , L 2 . These adjustable parameters were varied until the solution converged.
The subcategories of the W UMa systems, called Atype and W-type by Binnendijk (1970) , divided into two spectral groups A9-F8 and F7-M5. There is no certain limit between the two subclasses. Eaton (1983) suggested that the two types of W UMa systems are distinguished by the presence (W-type) or absence (A-type) of magnetic spots. V 839 Oph was classified as an A-type of W UMa systems (Binnendijk 1970) . Because of its late spectral type, F8 V, the WD-differential correction program was applied under both the radiative envelope and the convective envelope assumptions, seperately. Both assumptions give similar quality fits, which means that we cannot determine easily in this way what kind of envelope is present here. In the theory of Anderson et al. (1983) the radiative photosphere of stars with spectral type later than F5 develop convective "continents", and these "continents" grow for later types until the entire star is enveloped in convection. They were the first to suggest the convective "continents" idea for AW UMa, an A-type W UMa system with a late spectral type (F0-F2V). For V 839 Oph, the light curves show asymmetric structure, usually caused by surface brightness anomalies. For that reason, we have the suspicion that it has convective "continents" on the common envelope of the system. In this case, the gravity-darkening coefficients and the albedoes should be different from the case of a completely radiative assumption. To distinguish between the two cases, we reanalysed the light curve of V 839 Oph for several values of the gravity-darkening coefficients (g) in the range 0.32 − 1.00 and albedoes (A) in the range 0.50 − 1.00. For each set of parameters (A, g) we present the sum of the squared residuals of the simultaneous fit to the light curves in B and V (χ 2 = Σ(res) 2 ) in Table 7 . There is one minimum of χ 2 at A = 0.80 and g = 0.40. The final solution is given in Table 8 , and the computed light curves based on these elements are shown in Fig. 6 . The geometrical representation of V 839 Oph at phase 0.
p 75 is displayed in Fig. 7 . The Roche lobe surface was produced by the PC version of Binary Maker (Bradstreet 1990 ). The fits confirm that the convective "continents" on the envelope of V 839 Oph exist, and that they are thin enough to create surface brightness anomalies, spots, and are able to generate the magnetohydrodynamic energy needed to heat a chromosphere and corona. V 839 Oph is not the only late A-type W UMa system for which these more realistic assumptions produce better fits. The same is the case for some systems presented in Twigg (1979) . There is one more piece of evidence for convective structure in V 839 Oph. Although our own observations were not taken on subsequent days, we could investigate the short time light variations from the compilation of all other published light curves.
The night-to-night variations in the light curves could be defined at phases of each quadrature, especially between the phases of 0.17 and 0.25 and between the phases of 0.75 and 0.83. Niarchos (1989) reported that the magnitude difference of the outer and the inner envelopes of max I have a width of 0.
m 049 in yellow and 0. m 052 mag in blue. Until we have some spectra to better understand the short-time light variations, we suggest that they could be explained by the active convective "continents", and/or by the mass transfer through the connecting neck of their Roche lobes, which will change the surface brightness in short periods. There are many result in literature about the chromospheric and coronal activities on W UMa systems which explain observational results taken by the HEAO 1, IUE, HEAO 2 (Einstein) and ROSAT satellities (for example, Dupree et al. 1980; Carroll et al. 1980; Eaton 1983; Cruddace & Dupree 1984; Vilhu & Heise 1986; Mcgale et al. 1996) . V 839 Oph was placed in only some of X-ray observation lists, and the last X-ray detection of the system has been undertaken with the ROSAT satellite. Mcgale et al. (1996) showed that the ROSAT X-ray fluxes showed that the system was ∼70 per cent brighter in soft X-rays at the ROSAT epoch with constant light curve than in the epoch of the 1979-1981 Einstein survey done by Cruddace & Dupree (1984) . Another A-type W UMa systems, AK Her (F2+F6V), also was shown to have a constant light curve in soft X-rays as V 839 Oph in the X-ray spectral survey.
Conclusions
The study of V 839 Oph shows that it is an A-type W UMa eclipsing system and that the common envelope of the system has a structure with convective "continents" on a radiative envelope. Examination of our solutions for the period variations and the light curve leads to the following conclusions.
Our solution for the period variation of V 839
Oph indicates that the mass transfer rate from the less massive component to the more massive component is higher than expected for an A-type (Cruddace & Dupree 1984) . For this system we find ∼6.4 10 −7 M /yr. 2. If the sinusoidal (O − C) variations are due to conservative mass transfer in the system, the mass should have flown from the primary to the secondary between 1978-1988, and from the secondary to the primary between 1988-1998. It seems that such a frequent shift (every ∼10 yr) in the direction of mass transfer is not possible dynamically. 3. One other possible mechanism for the sinusoidal (O − C) variations is a third body in the system. For a hypothetical third body, the period (P s 20 yr) and semi-amplitude (0.0065 d) of the sinusoidal (O − C) variations in Fig. 4 lead to a small mass function of f (M 3 ) = 0.00376 M . We obtain M 3 = 0.077 M with the assumption of circular and co-planar orbits of the third body. The semi-major axis a 3 of third body orbit around the center of mass of the triple system is about 31 AU. The bolometric absolute magnitude of the third body was found to be M b = 13. m 12 using the mass-luminosity function; M b = 5.84 − 6.54 log M for M < 0.7 M (Demircan & Kahraman 1991) . The third body, if it exists, should revolve much beyond the outer Lagrangian points of V 839 Oph, if it were to be stable. 4. Another possible mechanism to explain the sinusoidal period variation of V 839 Oph is a period modulation mechanism described by Applegate (1992) due to magnetically induced deformations in the outer layers of one of the two components. This mechanism can however not be tested at present, since not enough data is available about the level of the minima and maxima of the light curves, to compare with detailed models. Assuming that the primary component is the active component, we estimate, by using Applegate's (1992) formula, that an angular momentum transfer of ∆J = 1.9 10 47 g cm 2 s −1 is needed to produce the observed orbital period change in the 19.62 yr cycle that is ∆P = 0.20 s. The subsurface mean magnetic field of the primary then should be about 8.21 kG. According to the discussion in photometric solution section, if the presence of magnetic spots could create a long-term light variation which is strongly possible but, unfortunately now, we cannot discuss the possible relation between the long-term light curve variation and their probable connection with the sinusoidal period variation cause of absence enough light curves on published. We should admit that in last few years, however the period modulation mechanism seems to be the main cause of such periodicities, the insufficient light curves on literature cannot give permit to reach final conclude in many of W UMa systems, for example, V 839 Oph (the present work), BX And (Demircan et al. 1993) , AB And (Demircan et al. 1994b , Kalimeris et al. 1994 , DK Cyg (Awadalla 1994 ) while except well observed systems, for example, SW Lac (Glownia 1986 ), VW Cep (Karimie 1983) and TZ Boo (Awadalla 1989) .
In this paper, we have found that the current period of V 839 Oph increases in time. On top of this, it seems likely that the period also oscillates sinusoidally with a period of ∼20 years. At the moment we cannot give a unique explanation for these oscillations but we have made several suggestions. It is clear that only systematic and continuous photometric and spectroscopic observations help to understand the connection between light curve and the period variation.
